Opisthorchis viverrini is an important food-borne trematode in Southeast Asia. The infection causes significant morbidity in terms of hepatobiliary diseases and cholangiocarcinoma. The aim of this study was to improve the sensitivity of the PCR-based diagnosis of O. viverrini infection. A new fecal DNA extraction protocol for the detection of O. viverrini DNA using cetyltrimethyl-ammoniumbromide to remove PCR inhibitor was used and compared with the commercial stool kit method. The sensitivity of the new test was 79.3%, compared with the 44.8% of the previous method (P < 0.01). PCR-positive tests identified several cases judged parasite negative by the parasitological method (28.6%), indicating the new test's advantage in the diagnosis of individuals with light infections.
Opisthorchis viverrini is a carcinogenic food-borne trematode known to cause hepatobiliary disease and cholangiocarcinoma in Southeast Asia, particularly Thailand, the Lao People's Democratic Republic (PDR), Cambodia, and Vietnam (3, 4, 14) . Humans become infected with O. viverrini through the consumption of raw or undercooked cyprinoid fish containing metacercariae (4) . Hence, parasite control should, in part, reduce the risk of morbidity and cancer development (12) . To date, standard diagnoses of O. viverrini by parasitological methods are increasingly unreliable because of low sensitivity in people with light infections (12) and difficulties in discriminating a mixed infection with intestinal trematodes (7, 8, 16) . Alternatively, a PCR-based assay that offers high specificity and sensitivity was recently described for the detection of O. viverrini DNA in fecal samples. High sensitivity is achieved in cases of moderate-to-severe infections (more than 1,000 eggs per g [EPG] of feces), but the sensitivity is low in light infections (Ͻ1,000 EPG) (17, 18) . We recently applied an identical PCR system for the diagnosis of opisthorchiasis and observed a sensitivity of 45% in samples of human stool from the Lao PDR (15) . In order to solve the problem of low sensitivity of the PCR-based diagnosis in opisthorchiasis, the present study was carried out to improve the DNA extraction and clean-up protocol and evaluate the efficacy of the new PCR method for the reliable detection of O. viverrini.
Fecal samples collected from an area of the Lao PDR where opisthorchiasis is endemic that was originally described in a previous study (15) Methods used for sample preparation for DNA extraction, DNA clean-up, and PCR were modified from previous reports (5, 17) . Briefly, eggs were isolated from fecal samples (approximately 500 mg) by mixing the samples with 4 ml of sterilized normal saline and 400 l of ethyl acetate, shaking the mixture vigorously, and centrifuging it at 4,000 rpm for 10 min. The pellet was incubated in 1 ml of 0.5 N NaOH for 60 min at room temperature, autoclaved for 60 min (121°C), mixed, and centrifuged for 10 min at 4,000 rpm. The supernatant was transferred to a 1.5-ml microcentrifuge tube, 56 l of 10ϫ Tris-EDTA (TE; pH 8.0) was added, and the pH was adjusted to 7 to 8. A 30-l volume of 10% sodium dodecyl sulfate and 3 l of 20 mg/ml proteinase K (60 g) were added to the supernatant, and the mixture was incubated at 65°C for 1 h. One hundred microliters of 5 M NaCl and 80 l of cetyltrimethylammoniumbromide-NaCl were added, and the mixture was incubated at 65°C for 30 min (0.7 M NaCl and 0.1 volume of cetyltrimethyl-ammoniumbromide). The mixture was extracted twice with an equal volume of chloroform-isoamyl alcohol (24: 1), followed by phenol-chloroform-isoamyl alcohol (25:24:1). DNA was precipitated by adding 0.6 volume of isopropanol and pelleted by centrifugation, washed once with 70% ethanol, dried, and dissolved in 50 l of 1ϫ TE buffer. Two microliters of the final DNA solution in TE buffer (4%) was used in the PCR. O. viverrini-specific primers OV-6 (5Ј-CTGAATCTCTC GTTTGTTCA-3Ј and 5Ј-GTTCCAGGTGAGTCTCTCTA-3Ј) were used for PCR (17) . The primers were designed to amplify a repetitive DNA fragment specific for O. viverrini which showed no significant homology to other parasites, and the amplification yielded a specific product with a size of 330 bp (10, 17) . PCR assays were carried out in a final volume of 25 l consisting of PCR buffer (20 mM Tris-HCl [pH 8.4], 50 mM KCl, 1.5 mM MgCl 2 ), 200 ⌴ each deoxynucleoside triphosphate, and 1 M Taq DNA polymerase. PCR assays were performed in a DNA thermal cycler (MJ PTC-200) and adjusted to the following cycling conditions: an initial denaturation step at 94°C for 5 min, denaturation at 94°C for 30 s, annealing at 52°C for 30 s, and extension at 72°C for 45 s (30 cycles). Amplified products were analyzed by electrophoresis in a 2% agarose gel with 1ϫ Tris-borate-EDTA buffer, pH 8.0. The amplicons obtained from the sample analyses were sequenced to compare with that of the specific product with genomic DNA prepared from adult O. viverrini as the template. For PCR-negative samples, further tests were performed with ITS-2 general primers to identify parasites other than O. viverrini as previously described (2) . In order to ascertain the presence of an inhibitor as the cause of a failure to find parasite DNA, O. viverrini DNA was added to the negative samples and the PCR test was repeated. A positive PCR test result confirmed that the sample was free of inhibitory substances and the specimen was regarded as negative for O. viverrini DNA. Typical examples of the PCR analyses of O. viverrini egg-positive and parasite-negative samples are shown in Fig. 1 .
With the new PCR system, 52 (65.8%) out of 79 specimens showed positive results ( Table 1 ). The prevalence of O. viverrini by PCR was not significantly different from that by parasitological diagnosis (FECT) (P Ͼ 0.05). Of the samples negative for O. viverrini eggs (n ϭ 21), 6 (28.6%) were positive by PCR. When only those samples positive for O. viverrini eggs were considered (n ϭ 58), 46 (79.3%) were positive by PCR. With reference to FECT, the overall sensitivity of the modified PCR was 79.3% and the specificity was 71.4%. The positive and negative predictive values were 88.5% and 55.6%, respectively.
As shown in Table 2 , within different O. viverrini intensity groups, the rates of PCR positivity by the modified protocol used in this study were consistently higher than that observed in the previous report (15) . In total, the O. viverrini prevalence of 65.8% obtained by our PCR was significantly greater than that obtained by the previous protocol (35.4%, 28 out 79 fecal samples) (P Ͻ 0.05). More positive tests (up to 50%) were discovered in the egg-negative group, as well as those with egg counts in the range of 1 to 6,700 EPG. A case with 4,050 EPG gave negative tests by both PCR protocols. Overall, the sensitivity of PCR diagnosis in this study (79.3%) was significantly greater than that observed in the previous study (44.8%).
Since the primers and PCR conditions of the new and previous PCR systems are identical, the reason for the improvement in sensitivity of the modified method in this study is likely due to more efficient removal of a PCR inhibitor(s) from the specimen in the DNA extraction procedure. Substances typically present in human feces such as proteases, bilirubin, bile salt, fat, and complex polysaccharides may interfere with the PCR (1). In particular, polysaccharides may originate from the consumption of a high-carbohydrate diet, mostly grains and vegetables, by the sample population in the Lao PDR.
A correlation of PCR diagnosis for O. viverrini and infection status is shown in Table 3 . In the parasite-negative group, 5.1% (four) of the samples were positive by PCR, and it is not unexpected that PCR is more sensitive than FECT. Since multiple parasite infections were common in the samples obtained No positive PCR was seen in three cases of hookworm infection. Because fecal examination is not an ideal "gold standard" and the number of samples with single-parasite infections in this study was small, it is not permissible to perform a comprehensive analysis of cross-reactivity of the PCR diagnosis. Among the samples that were positive for O. viverrini by both egg and PCR analyses, 34 (79%) fell within the light infection group (Ͻ1,000 EPG) and 12 (80%) fell within the moderateto-heavy infection group (Ͼ1,000 to 9,999 EPG). However, discrepancies in test results were obtained with 12 specimens that were positive for eggs but negative by PCR. Eight samples (75%) had egg counts of Ͻ1,000 EPG, while four samples (25%) had egg counts of Ͼ1,000 EPG. The trend of a positive correlation between PCR test results and egg counts was similarly observed in a previous report (15) . However, the possibility that the eggs observed in some specimens were not O. viverrini but other small intestinal flukes cannot be ruled out (6, 7) .
In terms of cost, the new PCR protocol established in this study is more economical than the previous protocol since no commercial kit is needed (15) . Regarding the sample-processing time required to complete the PCR test, the protocol took approximately 8 h while the previous protocol using the commercial stool kit took approximately 7 h. The new protocol needed an hour longer for proteinase K digestion and phenolchloroform extraction.
An alternative clean-up method using KOH and a combination of sucrose and KCl, followed by either autoclaving or homogenization to break the eggs, has been reported, and the detection limit was 10 EPG in the PCR diagnosis of Clonorchis sinensis (9) . In our study, the lowest egg count detected was 31 EPG in the case of egg-positive samples and probably lower than this in the case of egg-negative samples. The finding of PCR positive results in egg-negative samples is in concordance with the monoclonal-antibody-based coproantigen detection method, which also demonstrated positive reactions in eggnegative cases (11) . Moreover, in an autopsy study, only 30% of the people who harbored fewer than 10 adult O. viverrini worms excreted eggs that were detectable in their feces while the majority of them (70%) were egg negative (13) . That we obtained PCR-positive results with apparently egg-negative samples suggests that diagnosis by our PCR method is more sensitive than the fecal examination method, particularly in the light infection group. 
